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' At least one state in the first family of D-wave hh quarkonium levels has been 

^ ■ discovered near the predicted mass of 10.16 GeV/c^. This state is probably 

^ . the one with J = 2. This state and the ones with J = 1 and J = 3 may 

! contribute a detectable amount to the decay T{1D) — > T(15')7r7r, depending 

on the partial widths for these decays for which predictions vary considerably. 
The prospects for detection of the chain T(3S') T{1D) + X ^ Ttttt + X 
are discussed. 
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PACS Categories: 14.40. Gx, 13.20.Gd, 13.40.Hq, 12.39.Ki 

A sample of 4.73 x 10^ T(3S') decays obtained by the CLEO III experiment has 
permitted the first observation of an T{1D) level 1]. This state, which probably is the 
' J = 2 member of the spin-triplet l^Di^2,3, has a mass of 10162.2 ± 1.6 MeV/c^ and is 

^ ! observed with a combined set of branching ratios for production and decay very close 

^ ' to theoretical predictions [3 0] • The data exceed the CLEO Collaboration's previously 

I I reported sample P], 237 000 ± 6800 T(3S') decays, by about a factor of 20. They are 

several times that of the CUSB Collaboration |5j, 1.18 x 10^ T(3S') decays with 
^ ■ detection and 0.64 x 10^ decays with e+e" detection. 

The chain through which the T{1D) state was discovered is illustrated in Fig. 1(a). 
^ i A cascade involving four photons 71-74 followed by leptonic decay of the T(IS') leads 

^1 to a very clean final state in which the major limitations are the total size of the 

sample and backgrounds from cascades via the photons labeled 72' and 73' involv- 
ing the intermediate T(25') state. The combined branching ratio including the decay 
T(IS') — i> (e+e~ or yU^/i"), (3.3 ± 0.6 ± 0.5) x 10^^, is consistent with the prediction jS] 
of 3.76 X 10"^. 

Theoretical predictions [Hj indicate that for the CLEO III T(3S') sample mentioned 
above, one should have produced a total of (5.7, 14.2, 7.7) thousand T{1D) states with 
J = (1, 2, 3), respectively, via the transitions involving 71 and 72 in Fig. 1(a). Yan jB] 
and Tuan have pointed out that another way to detect these states may be through 
their decays to T(lS')7r7r, as illustrated in Fig. 1(b). The present note examines the 
likelihood of observing these transitions in the CLEO III data set. It is not necesssary 
to detect the photons 71 and 72, though vetoing charged particles aside from the pions 
in T{1D) T(15)7r7r might be helpful. 

The predictions for T{1D) T(15')7r7r rates differ substantially from one another. 
All are independent of the spin of the ID state IH|; aside from possible small effects 

^Enrico Fermi Institute preprint EFI 03-06, hep-ph/0302122. To be submitted to Physical Review 
D, Brief Reports. 
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Figure 1: Cascades from the T(3S') leading to production and detection of the T{1D) 
levels. In each case the T(15') is detected via its decay to e+e" or fi^fi' . (a) Four-photon 
cascades; (b) sequence T{3S) 7i72T(lD) followed by T{1D) T{1S)tth. 

on the J = 1 state due to ^Si-^Di mixing ^. Billoire et al. [Ej found ViT{lD) 
T(15)7r7r) = 0.07^2 keV; Kuang and Yan [11] obtained 24 KeV; Moxhay found 0.07 
keV (a value employed in Refs. [2] and [3]), and Ko [12] argued on the basis of non- 
perturbative effects that the Billoire et al. and Moxhay results should be enhanced, 
leading to a prediction of 0.56 ± 0.07 keV. I shall compare the sensitivity of the present 
CLEO III sample to the last three predictions. Discussions of the reasons for the differ- 
ences may be found in Refs. [3 1121 UHl HI] • 

In brief, the present data sample should be able to rule out the prediction of Kuang 
and Yan or observe the predicted transition with great statistical significance. The 
sensitivity at the level of Ko's prediction will depend on CLEO Ill's superior performance 
as a detector in comparison with the previous CLEO limit ^ . In that work a combined 
upper limit 
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^ i3[T(35) ^ i:{V^Dj)X]B[i:{l^Dj -> T(lS)7r7r] < 0.6% (90% c.l.) (1) 
j=i 

was placed. 

I first justify the estimate of the total number of T{1D) states produced from the 
T(3S') through two-photon cascades via the Xb'i'^P) states. The branching ratios for 
the transitions T{3S) Xfe'(2P)7i are quoted in Ref. [IH] (central values are used 
here), while for the decays xti'^P) '^{^D)'j2 the branching ratios predicted in Table 
VIII of Ref. [2] are employed. The combined results are summarized in Table I. It is 
assumed that these electromagnetic transitions are the only source of the T{1D) levels. 
The energies of the photons 71 are shown in the Table, while the energies of 72 range 
between about 80 and 120 MeV for the masses favored in Ref. [3, shown in parentheses 
in MeV/c^ under the corresponding spins of the l^Dj levels. 
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Table I: Branching ratios for electromagnetic transitions contributing to T{3S) —>■ 
T[l^Dj)X . Branching ratios for emission of 71 are observed values, taken from Ref. 
|15j . Table entries in Roman type denote B{xbj' ^{^^Dj)'-)2) predictions in percent 
[2]; numbers in itahcs denote thousands of T{l^Dj) states produced for 4.73 x 10^ T(3S') 
decays. Blank entries denote transitions forbidden by electric dipole selection rules. 
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To calculate the branching ratios of each of the l^Dj states into T(lS')7r7r for the 
various models of rates, one may use the predictions j2] of decay rates of each state into 
other modes, rothcr(l'^-Di,2,3) = (35.5, 28.0, 25.4) keV. The results are summarized in 
Table nil taking Ko's central value of V{l^Dj T(15)7r7r) = 0.56 keV. 

The predicted products of branching ratios corresponding to the left-hand side of Eq. 
(P) are all below the old CLEO upper bound jl]. However, with 20 times the old data, 
CLEO III should be able to check the Kuang-Yan prediction. (Our value of 0.27% is to 
be compared with the estimate made by Tuan [7j of 0.43%). The prediction of Moxhay 
appears to be too low to be testable. Ko [12] has argued that nonperturbative effects 
raise Moxhay's prediction by a factor of 8 ± 1, leading to the prediction 
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B[T{?,S) i:{V^Dj)X]B[T{l^Dj T(15)7r7r] = 0.011% . (2) 

j=i 

(Ko obtained a slightly smaller value of 0.009%; Eq. Q takes account of updated esti- 
mates of T{l^Dj) production.) Although this is a factor of about 50 below the upper 
bound in Eq. (0), the total number of predicted events looks encouraging. Multiplying 
532 T(lS')7r7r decays by 2/3 (for charged pions) and by i3[T(lS') {e~^e~ or /x"*"//")] = 
4. 86 ±0.1 3%, we expect about 17 events with two charged pions and two charged leptons 
(e or /i pairs). Of these, about half should be due to the 1^D2 state which is the best 
candidate for that reported in Ref. [T], with about 2/3 of the remaining events due to 
the l^-Ds state. Some additional sensitivity might be gained using neutral pions. 

I am grateful to Stephen Godfrey, Yu-Ping Kuang, San Fu Tuan, and Eckhard von 
Toerne for discussions. This work was supported in part by the United States Depart- 
ment of Energy through Grant No. DE FG02 90ER40560. 
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Table II: Predicted branching ratios for T{l^Dj) —>■ T(lS')7r7r (Roman entries, in per- 
cent) and numbers of T(lS')7r7r final states produced for 4.73 x 10^ T{3S) decays (italics). 
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0.011 



References 

[1] CLEO Collaboration, S. E. Csorna et ai, presented by T. Skwarnicki at 
31st International Conference on High Energy Physics (ICHEP 2002), Amster- 
dam, The Netherlands, 24-31 Jul 2002, CLEO Report No. CLEO-CONF-02-06, 
|hi^-ex/020706d| 

[2] W. Kwong and J. L. Rosner, Phys. Rev. D 38, 279 (1988). 

[3] S. Godfrey and J. L. Rosner, Phys. Rev. D 64, 097501 (2001); 66, 059902(E) 
(2002). 

[4] CLEO Collaboration, I. C. Brock et ai, Phys. Rev. D 43, 1448 (1991). 

[5] CUSB Collaboration, U. Heintz et ai, Phys. Rev. D 46, 1928 (1992). 

[6] T.-M. Yan, Phys. Rev. D 22, 1652 (1980). 

[7] S. F. Tuan, Commun. Theor. Phys. 26, 381 (1996). 

[8] P. Moxhay, Phys. Rev. D 37, 2557 (1988). 

[9] We thank Y.-P. Kuang for a discussion of this point. 
[10] A. Billoire, R. Lacaze, A. Morel, and H. Navelet, Nucl. Phys. B155, 493 (1979). 
[11] Y.-P. Kuang and T.-M. Yan, Phys. Rev. D 24, 2874 (1981). 
[12] P. Ko, Phys. Rev. D 47, 208 (1993). 

[13] M. Voloshin, Yad. Fiz. 43, 1571 (1986) [Sov. J. Nucl. Phys. 43, 1011 (1986)]. 

[14] Y.-P. Kuang and T.-M. Yan, Phys. Rev. D 41, 155 (1990). 

[15] Particle Data Group, K. Hagiwara et al, Phys. Rev. D 66, 010001 (2002). 



4 



